Introduction
Rebeccamycin analog (RA, Bectecarin; (1,11-Dichloro-6 [2-(diethylamino)ethyl]-12,13-dihydro-12-(4-O-methyl-beta-D-glucopyranosyly)-5H-indolo [2,3-a] pyrolo [3,4- c]-carbozole-5,7(6H)-dione), or NSC 655649, is an antibiotic with antitumor properties originally isolated from the actinomycete strain Saccharothrix aerocolonigenes [1, 2] . Preclinical studies indicate RA has activity against P388 leukemia, L1210 leukemia, B16 melanoma, M5076 reticulum cell sarcoma and M109 lung carcinoma [3, 4] cell lines. The exact mechanism of RA is unknown. However, its parent compound, rebeccamycin, acts as an intercalating agent leading to inhibition of topoisomerase II, and inducing breaks in eukaryotic DNA. Recent reports also suggest rebeccamycin can inhibit topoisomerase I [4] [5] [6] .
Two phase I trials of a single infusion of RA in patients with solid tumors have been completed [7, 8] . In the study done by the San Antonio group [7] , the MTD was 500 mg/m 2 given q 21 days in patients who were previously treated. The dose limiting toxicity (DLT) was grade 4 neutropenia. However, above a dose of 400 mg/m 2 , all patients developed grade 2 phlebitis, which improved by increasing the duration and volume of infusion. In the other phase I study performed at the University of Wisconsin [8] , the MTD was established at 572 mg/m 2 with the dose limiting toxicity being local irritation and phlebitis. A phase I study of RA performed at Case Western Reserve University was done using the daily for 5 consecutive day schedule [9] . The rationale for exploring this schedule was both the occurrence of significant superficial thrombophlebitis at higher doses on the once every 3 week schedule and preclinical experiments showing schedule dependency favoring repetitive dosing [5] . In our study, the MTD for heavily pretreated patients was higher than the 2 prior studies at 705 mg/m 2 (141 mg/m 2 /d×5 days) with DLT being grade 4 neutropenia [9] . This trial also defined the MTD in chemotherapy naive patients at 825 mg/m 2 divided over 5 days [9] . Several responses have been seen including three partial responses in gastric, unknown primary and gallbladder cancers as well as a minor response in pancreatic cancer. In terms of antitumor activity, our trial (CWRU) demonstrated a significantly greater number of responses compared to the other 2 phase I trials in which RA was given on day 1 only. Furthermore, plasma concentrations achieved were comparable to those required for in vitro inhibition of topoisomerase II levels. In the day 1 only studies, the level remained in this therapeutic range for 2 days, but in our study of the 5 day schedule, the plasma concentration remained within this range for >6 days [10] .
] platinum is a novel platinum coordination complex approved for the treatment of metastatic colorectal carcinoma in combination with fluoropyrimidines. Oxaliplatin is more potent than cisplatin in vitro, requiring fewer DNA adducts to achieve equivalent cytotoxicity [11] . Oxaliplatin has demonstrated efficacy in preclinical studies against a broad spectrum of experimental tumors, including some cisplatin-and carboplatin-resistant cell lines. The impetus for combining oxaliplatin and RA stems from: (1) phase I data suggesting possible synergy between cisplatin and RA [12] ; (2) non-overlapping toxicities of these 2 agents; and (3) early evidence of activity for both RA and oxaliplatin in biliary cancers [10, 13] .
Patients and methods

Eligibility
Enrolled patients were required to have a histologically confirmed solid tumor that was not amenable to conventional surgical, radiation, or chemotherapy treatment programs. Prior chemotherapy and/or radiation were allowed, however, at least 4 weeks must have elapsed since prior large-field radiation therapy, and at least 3 weeks for any previous anticancer therapy. Eligibility criteria included (1) age≥18; (2) Eastern Cooperative Oncology Group performance status≤2; (3) life expectancy≥12 weeks; (4) adequate hematopoietic function (ANC≥1500/µL, platelet count≥100,000/µL, hemoglobin≥9.0 g/dL), hepatic function (total bilirubin<1.5 mg/ dL, AST<2.5 times the upper limit of normal), and renal function (creatinine<1.5 mg/dL or calculated creatinine clearance≥60 mL/min/1.73 m2). A central line was required for drug administration. All patients gave informed written consent prior to treatment according to federal and institutional guidelines.
Study design, dosage, and drug administration RA was supplied by the Division of Cancer Treatment, Diagnosis and Centers, National Cancer Institute (NCI), (Bethesda, MD) as a sterile vial containing 20 mL of a solution of 10 mg/mL rebaccamycin analogue and 2.24 mg/ mL (1 meq/ml) of L-tartaric acid in sterile water for injection. RA was completely soluble and was mixed with 250-500 mL normal saline. RA was given through a central line over 1 hour daily for 5 days, with oxaliplatin administered over 2 h immediately after RA on day 5 of each cycle. Cycles were repeated every 3 weeks. Patients were treated until disease progression or unacceptable toxicity occurred. Oxaliplatin was supplied in two distinct dosage forms: lyophilized sterile powder or sterile solution. Both formulations were further diluted in D5W prior to administration.
The dose escalation schema is depicted in Table 1 . Dosing was based on the documented safety shown in prior phase I trials [7] [8] [9] . At least three patients were treated at each dose level. Dose escalation occurred if no DLT was experienced by a minimum of three patients. If one out of the three patients experienced a DLT, at least three additional patients were treated at the same dose level. The DLT was reached when any grade 3 nonhematologic toxicity or grade 4 hematologic toxicity was observed, during cycle one only, in two or more patients at the set dose level. The MTD was defined as the highest dose tested in which none or only one patient experienced a DLT attributable to the study drug combination, when at least six patients were treated at that dose, or one dose level below the highest dose tested in which 2 or more patients experienced a DLT attributable to the study drug. At least six patients were required to be treated at the MTD. Toxicities were evaluated according to the NCI common toxicity criteria, version 2.0.
Pretreatment and follow-up studies
Baseline evaluations including patient history, physical examination, and routine laboratory studies, were conducted within 2 weeks prior to start of protocol therapy. Baseline radiographic tests were done within 4 weeks prior to start of therapy. Routine laboratory studies included a complete blood cell count, chemistries and liver function tests, and were performed weekly. Physical exams were performed prior to each cycle. Disease burden was formally measured before treatment and every two cycles using standard radiographic procedures. A complete response was defined as disappearance of all disease on two measurements separated by a minimum of 4 weeks. RECIST criteria were used for response definition. Pharmacokinetic sampling was done on a limited basis but not reported herein.
Results
Between June 2004 and September 2006 eighteen patients were enrolled. One patient signed consent but was never treated. Patient characteristics of the 17 patients are listed in 2 ) (cycle 1 -DLT). Over 70% of patients experienced grade 1 nausea, and nearly 50% had grade 1 fatigue (see Table 3 ). Electrolyte imbalances were seen including one grade 3 hyponatremia and one grade 3 hypophosphatemia (cycle 1 -DLT) requiring dosereduction. Grade 3 diarrhea occurred twice, with one patient experiencing subsequent grade 3 hypokalemia.
Hematologic toxicity
Hematologic toxicities were common (see Table 4 ), including one patient with grade 4 and three with grade 3 neutropenia (1 occurred during cycle 1 and two others in subsequent cycles). The patient with grade 4 neutropenia died of sepsis during cycle one. In addition, one patient experienced grade 4 thrombocytopenia requiring dose-reduction, and one patient developed grade 3 anemia.
Efficacy
All responses were reviewed by the Cancer Center Data Safety and Toxicity Committee. Three patients had partial responses with mean time to progression of 3.7 months. One PR was seen at each dose level. Five patients had stable disease. Of those five, the average number of cycles was six. No one tumor type showed a trend toward response (see Table 5 ).
Discussion
Based on preclinical synergy between platinum agents and topoisomerase inhibitors we embarked on phase I trial of RA and oxaliplatin. Another rationale was that both agents had demonstrable single agent activity in biliary cancers. In our study 3 DLTs were seen including 1 grade 4 myelosuppression and death from infection. This event was definitely felt to be related to study procedure. Since this occurred during dose level 1, the level was expanded with no further DLTs and dose escalation continued. The attribution of the other 2 DLT's, i.e. hypophosphatemia and atrial fibrillation were considered to be possibly related to study procedure and both occurred at dose level 3.
Although it is possible that the occurrence of these two toxicities may not have been drug-related, given the fact that the dose of oxaliplatin used was at its standard dose on a q 3 week basis, dose escalation was halted. Thus, the MTD was dose level two, with RA at 80 mg/m 2 /d and oxaliplatin at 130 mg/m 2 . In all, six patients were treated at this dose level, and no grade 3 or 4 toxicities were observed in this group. As seen in previous phase I trials, transient benign ALT/AST elevations were seen, as well as mild nausea. Fatigue was common, but not dose-limiting. Electrolyte imbalances were more frequent in this combination regimen compared to the single agent studies, especially after dose level one, which likely is more attributable to oxaliplatin than RA. Superficial phlebitis did not occur as seen in previous trials due to the decision to place central venous access prior to trial initiation.
Concerning anti-tumor activity, three partial responses were achieved. Five patients had stable disease. No one tumor type or dose level showed a trend toward response. However, over half the patients received at least 4 cycles of therapy, with three patients receiving greater than six. The combination of oxaliplatin and other toposimerase I or II inhibitors has been reported. In three separate phase I studies, oxaliplatin has been combined with topotecan [14] [15] [16] . In all three studies oxaliplatin was infused prior to administration of topotecan and the recommended phase I dose of oxaliplatin in these combination studies was similar to our trial. In addition the doses of topotecan were less than its single agent dose. This is concordance with our trial where the doses of RA were reduced compared to its single agent dose. Clinical activity was again seen across all studies. A single phase I pediatric solid tumor trial has looked at the combination of oxaliplatin and a topoisomerase II inhibitor, etoposide [17] . Given the activity seen in this pediatric study further studies were recommended.
Our previous phase I work with RA as a single agent achieved dose levels of 141 mg/m 2 /d×5 days (705 mg/m 2 total dose) in patients with prior therapy, and 165 mg/m 2 /d ×5 days (825 mg/m 2 total dose) for chemotherapy-naïve patients [9] . In the current study, the recommended phase II dose of RA, when combined with oxaliplatin, is notably lower at 80 mg/m 2 /d×5 days (400 mg/m 2 total dose). Despite the proposed synergistic effect of oxaliplatin and RA and evidence of antitumor activity, phase II trials of RA across a number of disease sites have failed to disprove the null hypotheses (although responses were seen in non-small cell lung cancer, breast cancers, leukemia, small cell lung and biliary cancers) as set forward in those trials. Thus, this regimen is unlikely to proceed to further phase II studies. Nevertheless, promising responses were seen in cholangiocarcinoma, gallbladder cancer and esophageal cancer. In these 3 diseases oxaliplatin is an active agent and thus it is difficult to attribute the efficacy to RA.
